Turkish Journal of Zoology
Volume 44

Number 6

Article 2

1-1-2020

Insecticidal effect of diatomaceous earth and dolomite powder
against Corn weevilSitophilus zeamais Motschulsky, 1855
(Coleoptera: Curculionidae)
ALYSSA CRISTINA OLIVEIRA FREITAS
ADRIANA APARECIDA SINOPÓLIS GIGLIOLLI
RONALDO ROBERTO TAIT CALEFFE CALEFFE
HELIO CONTE

Follow this and additional works at: https://journals.tubitak.gov.tr/zoology
Part of the Zoology Commons

Recommended Citation
FREITAS, ALYSSA CRISTINA OLIVEIRA; GIGLIOLLI, ADRIANA APARECIDA SINOPÓLIS; CALEFFE, RONALDO
ROBERTO TAIT CALEFFE; and CONTE, HELIO (2020) "Insecticidal effect of diatomaceous earth and
dolomite powder against Corn weevilSitophilus zeamais Motschulsky, 1855 (Coleoptera: Curculionidae),"
Turkish Journal of Zoology: Vol. 44: No. 6, Article 2. https://doi.org/10.3906/zoo-2005-34
Available at: https://journals.tubitak.gov.tr/zoology/vol44/iss6/2

This Article is brought to you for free and open access by TÜBİTAK Academic Journals. It has been accepted for
inclusion in Turkish Journal of Zoology by an authorized editor of TÜBİTAK Academic Journals. For more
information, please contact academic.publications@tubitak.gov.tr.

Turkish Journal of Zoology
http://journals.tubitak.gov.tr/zoology/

Research Article

Turk J Zool
(2020) 44: 490-497
© TÜBİTAK
doi:10.3906/zoo-2005-34

Insecticidal effect of diatomaceous earth and dolomite powder against Corn weevil
Sitophilus zeamais Motschulsky, 1855 (Coleoptera: Curculionidae)
Alyssa Cristina Oliveira FREITAS, Adriana Aparecida Sinopólis GIGLIOLLI,
Ronaldo Roberto Tait CALEFFE*, Helio CONTE
Department of Biotechnology, Genetics and Cell Biology, State University of Maringá, Maringá, Brazil
Received: 18.05.2020

Accepted/Published Online: 04.10.2020

Final Version: 20.11.2020

Abstract: Sitophilus zeamais Motschulsky, 1855 (Coleoptera: Curculionidae) which develops inside the grain, is an aggressive pest of
stored grains. Here, we evaluated the efficiency of diatomaceous earth (DE), Diatomita CI/325 CX, and dolomite (DOL), Dolomita
Dr. Kanyo, against S. zeamais reared on corn under laboratory conditions and observed external alterations on treated insects using
scanning electron microscopy (SEM). Insects treated with both DE and DOL were impregnated with particles on the body surface,
and they showed 100% mortality after 10 days of exposure. Damages caused by inert dusts may have contributed to dehydration and
desiccation, consequently, leading insects to death. Thus, diatomaceous and dolomite were effective against S. zeamais under laboratory
conditions.
Key words: Corn, scanning electron microscopy, inert dusts, pest control

1. Introduction
A variety of products is obtained from corn for animal
and human nutrition, making corn being one of the most
important crops cultivated worldwide from an economic
point of view. World production in the 2018/2019 season
was 1,124.49 million metric tons, with the United States
of America being the main producer with 366.29 million
metric tons (USDA, 2019). The attack of insect pests on
crops and stored grains causes severe production losses,
with an estimated loss of 5%–20%, in major grain crops
(Deutsch et al., 2018). Certain species, in the larval and
adult phases, feed on grains resulting in reduced nutritional
values, weight loss, and the proliferation of fungi (Dowell
and Dowell, 2017). Microorganisms take advantage of the
damage caused by insects and infect the grain, favoring the
production of mycotoxins (Fleurat–Lessard, 2017).
Sitophilus zeamais (Motschulsky, 1855) (Coleoptera:
Curculionidae) presents high reproductive potential,
adaptation to different environments, develops inside
the grain, and is one of the most aggressive pests of
stored grains (Maggioni et al., 2016). Besides corn, S.
zeamais infects rice, wheat, triticale, barley, sorghum,
and industrialized products such as pasta and chocolate
(Maggioni et al., 2016).
Chemical control with organic or inorganic
insecticides is one of the most widely adopted methods

as part of sustainable and integrated management of pest
control (Rose, 2001). Synthetic insecticides have been used
to control pest attacks on stored grain; however, incorrect
application and overintensive use leads to pest resistance
and put human and environment at risk (Julio et al., 2017).
Alternative methods of pest control, similar to biological
control (Kenis et al., 2019) and application of inert dusts,
have been the focus of recent researches.
Inert dusts are dry powders, chemically unreactive
in nature, of different origin, and act selectively on
particular organisms (Subramanyam and Roesli, 2000).
These substances can act by adsorption or abrasion. In
adsorption, the powders can adhere to the cuticle that lines
the surface of the insect’s body and lead to the disruption
of the lipid layer. This disruption facilitates the loss of
water causing dehydration and, consequently, the death of
insects by dissection after a period of time (Golob, 1997;
Korunić et al., 2016). In addition, the abrasive effects can
lead to damage the digestive tract, resulting in internal
desiccation, moreover, may plug the insect’s spiracle results
in suffocation (Jackson and Webley 1994).
Within inert dusts, diatomaceous earth (DE) is
recognized to be effective against several species,
including S. zeamais (Malia et al., 2016), Rhyzopertha
dominica (Fabricius, 1792) (Coleoptera: Bostrichidae)
(Dal Bello et al., 2017), Oryzaephilus surinamensis
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(Linnaeus, 1758) (Coleoptera: Silvanidae) (Ziaee et al.,
2016), Tribolium castaneum (Herbst, 1797) (Coleoptera:
Tenebrionidae) (Frederick and Subramanyam, 2016),
Tribolium confusum (Jacquelin Du Val, 1863) (Coleoptera:
Tenebrionidae) (Delgarm et al., 2019), Prostephanus
truncatus (Horn, 1878) (Coleoptera: Bostrichidae)
(Kavallieratos et al., 2018), Liposcelis paeta (Pearman,
1942) (Psocoptera: Liposcelididae) (Saeed et al., 2018),
and Cryptolestes ferrugineus (Stephens, 1831) (Coleoptera:
Laemophloeidae) (Ashraf et al., 2016). DE consists of
naturally occurring fossilized remains of diatoms, with
particle sizes ranging from 10 to 200 μm. The chemical
composition is 80%–90% silica, 2-4% alumina, and 0.5%–
2% iron oxide. This substance is environment friendly,
and nontoxic for humans as well as for animals (Tsai et
al., 2006).
Another inert dust is the dolomite (DOL) powder. DOL
is an anhydrous carbonate mineral composed of calcium
magnesium carbonate (Sauffi et al., 2020). It is used in
aesthetics and for therapeutic treatments; however, certain
studies have indicated its efficiency against insect pests
(Bavaresco, 2007). To our knowledge, there is a lack of data
on the effects and action of this inert dust on insects and
the use of scanning electron microscopy (SEM) gives an
important view of the action of inert dust over the insect
surface.
The objective of this study was to evaluate the efficiency
of DE and DOL against S. zeamais reared on corn under
laboratory conditions and to observe the external
alterations on the insect by SEM.
2. Materials and methods
2.1. Insects
Sitophilus zeamais adults (Figure 1) were collected
from processed products (spaghetti, rice, and corn) in
commercial establishments of the municipality of Maringá
(23°25′30″S, 51°56′20″W), in the northwestern State of
Paraná, Brazil.
2.2. Inert dusts and maize
Bioassays were carried out using the corn 2b710 hybrid
from Dow Agrosciences, obtained from a rural property in
the municipality of Amambaí in the State of Mato Grosso
do Sul, Brazil (23°6′10″S, 55°13′15″W).
The DE and DOL powder wereobtained commercially.
The DE used was Diatomita CI/325 CX, composed of [SiO2
(81%–93%), Al2O2 (2%–10%), Fe2O3(0%–1.5%), CaO(0%–
0.5%) MgO (0%–0.5%) and Na2O + K2O(0.1%–3.5%)]
certified by CIEMIL (nº 105/15) (Vitória da Conquitsa,
Bahia, Brazil), The DOL powder used was Dolomita Dr.
Kanyo, 100% mineral supplement composed for calcium
and magnesium carbonate CaMg(CO3)2, registered by
Ministry of Agriculture (nº 901496740).

2.3. Bioassays
The collected insects were counted (n = 270) and separated
into 1 L test tubes, covered by voile fabric containing ten
individuals ( without defining their sex and age) each.
The bioassays were performed in three replicates of
each treatment and control; 30 insects in total for each
concentration of the treatments. In the control group,
insects were offered ten units of corn grains, and, for
treatment groups, DOL powder and DE were added to the
corn grains at different quantities (0.1; 0.2; 0.5, and 1.0 mg)
and shaken manually for 5 min to get equal distribution of
DE particles in the entire grain mass (Delgarm et al., 2019).
Mortality was observed on the second, fifth, seventh, tenth,
and fifteenth day after the start of the experiment.
Conditions were maintained in Bio-Oxygen Demand
(BOD) incubator at 25 ± 2 °C, 65% ± 10% humidity, and a
12 h photoperiod in the Laboratory of Biological Control,
Morphology and Cytogenetics of Insects, Department of
Biotechnology, Genetics and Cell Biology, UEM, Maringá,
Paraná, Brazil.
2.4. Morphological analyses
Sitophilus zeamais adults were kept at −20 °C and observed
using the binocular Carl Zeiss DR Stereo Microscope (Carl
Zeiss, Oberkochen, Germany). Samples of treatments
and control (n = 5) were submitted to the Leica CPD
030-BALTEC critical point dryer, covered by gold powder
in a Shimadzu IC-50 metallizer, and analyzed using a SEM
QUANTA 250-FEI microscope at the Microscopy Center
of the Complex of Research Support Centers of the State
University of Maringá, Paraná, Brazil.
2.5. Statistical analyses
The statistical analyses were performed using the
STATISTICA software (StatSoft, Inc. 2005, USA, version
7.1). The normality and homogeneity of data were verified
using the following tests: Shapiro-Wilk and Levene’s
analysis of repeated mean variance bifactorial to evaluate
the mortality, followed by a posteriori Tukey’s test. The
results were considered significant at P < 0.05. The control
efficiency was calculated by the Abbott formula (Abbott,
1925):

E(% )=

("#$)&''
"

Where E(%) = Control efficiency
T = mean of live insects in control
t = mean of live insects in treatment
3. Results
3.1. Effectiveness of DE and DOL powders for S. zeamais
control
Mortality of the insects for each quantities DE and DOL is
represented in Figure 2. In both inert dusts, the quantity
of 0.2 mg and 0.5 mg showed 100% effectiveness after 5
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Figure 1. Sitophilus zeamais adults observed using Zeiss stereo-microscope. (A) Dorsal view, (B) Ventral view, and (C) Side
view. H: Head, T: Thorax, Ab: Abdomen, R: Rostrum, L: Legs.

1
2

Figure 2. Mortality at different concentrations (mg) of diatomaceous earth and dolomite powder
Figure
2. Mean mortality at different concentrations (mg) of diatomaceous earth and

3

dolomite
used for controlearth
of Sitophilus
Motschulsky,
1855 (Coleoptera:
exposure powder
times. DE:Diatomaceous
and DOL:zeamais
Dolomite
powder.

4

Curculionidae), after different exposures times. DE-Diatomaceous earth and DOL-

used for control of Sitophilus zeamais Motschulsky, 1855 (Coleoptera: Curculionidae), after different

5
Dolomite
powder. of 0.1 and 1.0 mg of DE
days of exposure.
For quantities
and DOL, 100% efficiency was obtained after 10 days of
6
exposure (Table).
3.2. Morphology
7
The S. zeamais
adult is divided into three segments: head,
thorax, and abdomen (Figure 1). The head is elongated
forming a 8rostrum, which presents the mandible at its
end (Figures 3A and 3B). Sensillum is a sensory organ
and is also9 presented on the legs, thorax, abdomen, and
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elytrum of the insect (Figure 3), and the presence of a pair
of antennas which contain trichoid sensilla (Figures 3A,
3B and 3C).
The corn from the control group demonstrated
characteristics of S. zeamais infestation, with severe grain
damage and fungi colonization, resulting in a decayed
product. The particles of both inert dusts were not seen on
insect bodies in the untreated control group, as expected
since the product was not applied (Figure 3). As expected,
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Table. Control efficiency (%) of different concentrations (mg) of diatomaceous earth and dolomite powder for
control of Sitophilus zeamais Motschulsky, 1855 (Coleoptera: Curculionidae), after different exposure times.
Control efficiency (%)
Concentrations
(mg)

Diatomaceous earth

Dolomite powder

Day 2

Day 5

Day 7

Day 10

Day 2

Day 5

Day 7

Day 10

0.1

10

60

93

100

6

33

93

100

0.2

93

100

100

100

66

100

100

100

0.5

3

100

100

100

6

100

100

100

1.0

10

66

93

100

6

33

90

100

the body surface of insects exposed to DE and DOL were
impregnated with particles in body areas such as the
abdomen, elytrum, legs, antenna, and rostrum (Figures
4 and 5). The insects treated with both inert dusts had
particles stuck to the sensilla and trichoid sensilla, which
were damaged, removed, or hidden (Figures 4A, 4B, 4C,
4D and 5A, 5B, 5C).
4. Discussion
Here, we evaluated the efficiency of DE and DOL against
S. zeamais reared on corn under laboratory conditions.
Our data indicate that DE and DOL are effective against
S. zeamais infestation. Both inert dusts achieved 100%
insect mortality at all quantities tested (0.1 mg, 0.2 mg,
0.5 mg, and 1 mg). The 0.2 mg quantity of DE achieved
93% mortality after 2 days of exposure; furthermore, all
quantities achieved more than 60% mortality in 5 days.
For DOL, similar results were observed, and the 0.2 mg
quantity was the first to reach more than 60% mortality by
the second day. However, all quantities of DOL achieved
more than 60% mortality after 7 days of exposure (93%).
These data indicated that the efficiency of DE and
DOL for the control of S. zeamais is mainly associated
with the time of exposure of insects to inert powders.
However, although both DE and DOL caused mortality,
DE presented faster effectiveness than DOL, as it achieved
100% mortality in a shorter period of exposure.
The greater efficiency of DE, can be attributed to its
physical characteristics, mineral composition and particle
size (Subramanyam and Roesli, 2000). As this product
has a high content of silicon dioxide (from 80% to 95%),
porous structure and low density (Tsai et al., 2006), its
ability to adhere to the insect’s body is greater when
compared to DOL. As it is highly abrasive, it changes the
sensilla resulting in damage to the taste, smell, and gas
exchange (Ravaiano, 2012). In addition, it adsorbs the
epicuticular lipids from cuticle surface of insects in a short
period of time, as observed in Callosobruchus maculatus
(F.), and the bean weevil Acanthoscelides obtectus (Say)

(Chrysomelidae) (Prasantha et al., 2015) and S. zeamais
exposed two DE formulations (Malia et al., 2016)
Given that the insect cuticle provides protection and
support for the internal organs, and the epicuticular lipid
that presents on the cuticle functions as the main water
barrier, prevents desiccation of the insect and protects it
from external damage (Howard and Blomquist, 2005), the
cuticular alterations can result in desiccation that plays an
important role in the mechanisms leading to insect death
(Malia et al., 2016).
Several studies indicate the effectiveness of DE against
insect pests. The use of DE combined with deltamethrin
(pyrethroid) demonstrated an increased insecticidal
potential for protecting wheat grains from T. confusum
and R. dominica infestation as well (Delgarm et al., 2019).
However, the use of DE with vegetable extracts in the
control of S. zeamais, demonstrated an antagonistic effect
between the two techniques (Ribeiro and Vendramim,
2019). The combination of two techniques, which act on
a pest, could promote either a synergetic or an antagonist
potential, and thus studies should focus on the evaluation
of different methods.
A study tested the effectiveness of different commercial
DE formulations against P. truncatus in a wide range of
corn hybrids. DEA-P demonstrated a high effectiveness
for the control of pests at low doses in all corn hybrids
(Kavalliaratos et al., 2018). Jairoce et al. (2016), studying
the mortality of S. zeamais exposed to different doses of
DE, observed the correlation of the dose to the period of
exposure. Longer periods of exposure at the highest doses
promoted better control of the corn weevil; however,
in the present study, we found that intermediate doses
presented high mortality in a short period of time. The
LC50 and LC90 were estimated for two commercial DE
formulations (Keepdry® and Insecto®) at 248.75 and 360.18
ppm for Keepdry®, and 204.57 and 409.97 ppm for Insecto®,
respectively. There were no significant differences between
both formulations, indicating the effectiveness of DE
(Ribeiro et al., 2018).
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Figure 3. Pictures of Sitophilus zeamais control taken by scanning electron microscopy (SEM). A. Dorsal view: trichoid
sensilla (Se), sensilla (S), antenna (A), rostrum (R), elytrum (E). Bar = 500 µm. B. Rostrum and antenna: trichoid sensilla (Se),
sensilla (S). Bar = 100 µm. C. Antenna: trichoid sensilla (Se). Bar = 20 µm. D. Elytrum: sensilla (S), suture (Su). Bar = 20 µm.
E. Elytrum: sensilla (S), suture (Su). Bar = 50 µm. F. Abdomen, ventral view: sensilla (S). Bar = 10 µm.
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Figure 4. Pictures of Sitophilus zeamais exposed to inert dusts taken by scanning electron microscopy (SEM). A. Rostrum (R) of insect
exposed to dolomite powder: sensilla (S). Bar = 50 µm. B. Dorsal view of insect exposed to diatomaceous earth: trichoid sensilla (Se),
sensilla (S), antenna (A), rostrum (R). Bar = 200 µm. C. Sensilla of insect exposed to dolomite powder. Bar = 5 µm. D. Antenna (A) of
insect exposed to diatomaceous earth: trichoid sensilla (Se), sensilla (S). Bar = 50 µm. E. Antenna (A) of insect exposed to dolomite
powder: trichoid sensilla (Se), sensilla (S). Bar = 20 µm.

Figure 5. Pictures of Sitophilus zeamais exposed to inert dusts taken by scanning electron microscopy (SEM). A. Elytrum (E) of insect
exposed to diatomaceous earth: sensilla (S), suture (Su). Bar = 200 µm. B. Elytrum (E) of insect exposed to dolomite powder: sensilla
(S), suture (Su). Barra = 20 µm. C. Leg of insect exposed to dolomite powder: sensilla (S). Bar = 100 µm. D. Claw of insect exposed to
dolomite powder. Bar = 50 µm.
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The DOL is an anhydrous carbonate mineral composed
of calcium magnesium carbonate (Sauffi et al., 2020). It is a
product used mainly in aesthetic and therapeutic treatments;
there are still studies that demonstrate its effectiveness of
DOL use in control of pests insects. The comparison of
the data from our study, in relation to the mortality and
morphology damage observed in insects, indicates that
DOL can be effective against S. zeamais as DE. However,
taking into account that a smaller amount of the product
remains adhered to the insect’s body surface, exposure for an
extended period is likely to make it more effective.

The DE and DOL are effective against S. zeamais at
laboratory conditions. The inert dusts have low costs
compared to traditional methods and are efficient
alternatives to pest control. Studies of environmental
factors that may influence treatment efficiency should be
performed.
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